The helical dimeric copper(II) complex [Cu(dapsbz)] 2 (dapsbz = doubly deprotonated form of the 2,6-diacetylpyridine Schiff base of S-benzyldithiocarbazate) has been synthesized and structurally characterized. Each Schiff base in the dimer acts as a doubly negatively charged N 3 S 2 pentadentate chelating agent, providing three donor atoms, viz. the pyridine nitrogen atom, the azomethine nitrogen atom and the thiolate sulfur atom, to one copper ion and the azomethine nitrogen atom and thiolate sulfur atom to the second copper(II) ion. The stereochemistry adopted by each copper(II) ion in the dimer is five-coordinate, approximately square-pyramidal, with a CuN 3 S 2 coordination core. In the dimeric nickel(II) complex, [Ni(dapsme)] 2 (dapsme = doubly deprotonated form of the 2,6-diacetylpyridine Schiff base of S-methyldithiocarbazate), the Schiff bases also coordinate with the two nickel(II) ions as pentadentate N 3 S 2 chelating agents, but here the pyridine nitrogen atom of each ligand acts as a bridging donor atom. The azomethine 2 nitrogen and thiolate sulfur atoms of one arm of a ligand coordinate with one nickel ion whereas the azomethine nitrogen and thiolate sulfur atoms of the other arm of the same ligand coordinate with a second nickel atom, the stereochemistry adopted by each nickel atom in the dimer being distorted octahedral with a NiN 4 S 2 coordination sphere.
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accommodate a pentagonal planar array of donor atoms. We have previously found that the pentadentate chelating agent formed by the condensation of 2,6-diacetylpyridine with Sbenzyldithiocarbazate (Fig. 1a , R = CH 2 C 6 H 5; H 2 dapsbz) yields an unusual pyridine nitrogenbridged dimeric nickel(II) complex [1e].
The Schiff base has also been found to form a dimeric zinc(II) complex [1f] , but the mode of its bonding with the zinc(II) ions has been found to be different from that with the nickel(II) ion. The Schiff base formed from 2,6-diacetylpyridine and S-methyldithiocarbazate ( Fig. 1a ; R = CH 3 ; H 2 dapsme) has also been found to act as a pentadentate N 3 S 2 ligand, yielding seven-coordinate pentagonal bi-pyramidal tin(IV) complexes [1g] . The preparation and spectroscopic characterization of the nickel(II) complex of H 2 dapsme have been previously 4 reported [27] and based on available evidences, a monomeric six-coordinate octahedral structure was predicted, though crystallographic structural work to establish its structure unequivocally has not been done. The complex [Cu(dapsbz)] 2 , however, is new and has not been reported previously.
In view of the different modes of coordination of pentadentate chelating agents derived from S-alkyl/aryl dithiocarbazates and the interesting structural features and biological activities of their metal complexes, we report here the preparation and X-ray structures of double helical di-Cu(II) and di-Ni(II) complexes of the 2,6-diacetylpyridine Schiff bases of S-benzyl-and Smethyldithiocarbazate, respectively.
Experimental

Reagents
All the chemicals and solvents used in the present work were of analytical reagent grade and used without any further purification.
Physical measurements
The electronic spectra were recorded on a Shimadzu UV-3100 spectrophotometer. The IR spectra were recorded on a Perkin-Elmer 1600 FT IR spectrometer. All other physical measurements were performed as described previously [1g].
2.3
Synthesis of the compounds 
Preparation of [Cu(dapsbz)] 2
The Schiff base H 2 dapsbz (0.60 g, 1.2 mmol) was dissolved in a boiling 1:1 mixture (300 
Crystal structure determination and refinement
Cell constants for [Ni 2 (dapsme) 2 ] were determined by a least-squares fit to the setting parameters of 25 independent reflections, measured on an Enraf-Nonius CAD4 four-circle diffractometer using graphite monochromated MoK α radiation (0.71073 Å) and operating in the ω-2θ mode within the range 2 < 2θ < 50°. An empirical absorption correction (ψ scans) was applied [28] and data reduction was performed within the WINGX [29] suite of programs. For A summary of the crystal data, structure solution and refinement parameters are given in Table 1 and selected bond lengths and angles appear in Table 2 . 
Results and Discussion
Because of the presence of the thioamide (-NH-C=S) functional groups, the Schiff bases can remain either as the thione tautomer (1a) The molecular structure of the complex, with the atom numbering scheme adopted, is
shown Fig. 2 and selected bond lengths and angles are given in Table 2 . The double helical structure is more clearly seen in Fig. 3 , where the two symmetry related dapsbz -ligands are coloured differently and the H-atoms have been removed. The
Cu…Cu distance is 3.822(2) Å. C1-S1 1.714(4) 1.718 (7) C1-N1 1.298(5) 1.301 (7) C12-N5 1.304(5) 1.316 (7) C12-S3 1.708(4) 1.690(6) S1-Cu1-S3′ / S1-Ni-S1′ 99.55(4) 102.6(1) S1-Cu1-N2 / S1-Ni1-N2 83.2(1) 83.4(2) S1-Cu1-N3 / S1-Ni1-N3 161.64(9) 157.9(1)
While coordinating with the copper(II) ions in their iminothiolate forms, the negative charges generated due to deprotonation of the ligands are delocalized across the S-C-N-Ngroups, as shown by the C1-N1/C12-N5 and C1-S1/C12-S3 bond lengths which are in between those found in typical single and double bonds. The bonding of the ligands in the copper(II) complex resembles that found in the dinuclear zinc(II) complex previously reported by Akbar
The two crystallographically identical copper(II) ions adopt a five-coordinate configuration with a CuN 3 S 2 coordination sphere. Since five-coordinate complexes can either adopt a square-pyramidal or a trigonal-bipyramidal geometry, the formula τ = (α -β)/60 of Addison et al. [39] (where α and β are the two largest coordinate angles) has been used to quantify the degree of distortion between the two extremes. Using the above formula, the τ value for the present complex is 0.03, indicating that the stereochemistry adopted by each copper(II) ion in the complex is close to square-pyramidal. However, examination of bond angle data in Table 2 indicates that most coordinate angles deviate considerably from 90° or 180°, which may be attributed to the restricted bite angles of the chelate ligand, so the geometry is far from ideal square pyramidal.
The Cu1-S1/S3, Cu1-N2/N4 and Cu1-N3 bonds agree well with those observed in other five-coordinate copper(II) complexes of NS mixed donor ligands (Table 3 ). An examination of the bond length data in Table 3 indicates that, despite the differences in the nature of the ligands, the copper(II)-donor atom distances in these complexes are quite similar. As expected for a square pyramidal Cu(II) complex, the axial coordinate bond (Cu1-S3′) is elongated relative to the equatorial bond (Cu1-S1) due to the pseudo Jahn-Teller effect operative on the d 9 electronic ground state [40] . The structure of [Ni(dapsme)] 2 is shown in Fig. 4 and important bond lengths and angles are given in Table 2 . The structure shows that the complex is again a double helical dimer.
However, in this case the complex is situated in a crystallographic 2-fold axis which includes the two Ni ions; thus unlike the Cu complex discussed above, the two metal ions are not symmetry related. Another difference is that the two nickel(II) ions are six-coordinate. This is achieved by the central pyridyl N-donor (N3) bridging the two Ni ions in an unusual µ 1 mode. In Fig. 5 the double helical structure is portrayed without H-atoms and again with the symmetry related ligands in different colours. Note that the 2-fold axis in this case is parallel with the helical axis (and not orthogonal as for the Cu complex discussed earlier). The Ni…Ni distance in this case is 3.316(2) Å, which is much shorter than found in [Cu(dapsbz)] 2 (3.822 (2) Å) due to the bridging pyridyl N-donor. From the bond lengths in Table 2 , Ni2 is slightly closer to the bridging donor N3 than Ni1, but apart from this the two coordination environments are very similar. Each nickel(II) ion is in a distorted octahedral geometry. All of the angles within the chelate rings are well away from 90 or 180° ( and an intra-ligand band, respectively.
Conclusion
The 2,6-diacetyl pyridine Schiff bases of S-methyl-and S-benzyldithiocarbazates act as 
